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R obotic surgery is a growing technology with the potential to revolutionize surgical procedures, especially in the field of urology. Urology is at the forefront of advances in this field, and has integrated robotics into many procedures including radical cystectomies, surgical nerve grafting and pyeloplasty. 1 Robotic surgery has almost entirely taken over radical prostatectomy and the role of robotics is continuously expanding. Robotic surgery helps improve patient outcome by minimizing the surgeon's movement tremors, increasing range of motion, decreasing blood loss, decreasing length of hospital stay, and decreasing post-operative pain. 2, 3 Since the field of Urology deals with very difficult and delicate procedures, robotics offers an advantage by allowing for greater accuracy, flexibility, smoother actions, and greater range of motion.
An important area of advancement for surgical robotics is in the field of imaging and visual feedback. Robotic surgery can be performed either with a surgeon controlling the robot such as is done with the da Vinci system to perform robotic-assisted radical prostatectomies (RARPs), or autonomously based on a predetermined algorithm such as in the case of radiosurgery for pituitary adenomas. 4 While autonomous robotic systems offer higher precision, and tissue-damage avoidance, surgeon-controlled systems are much better at decision making in unstructured or chaotic situations. For the surgeon controlling the robot, visual feedback can be attained using endoscopic cameras; however, for autonomous procedures, the control program requires much more detail about the patient's anatomy.
Generally speaking, there are two types of imaging performed for robotic surgeries: pre-operative and intra-operative. Pre-operative imaging is acquired before a procedure and used for surgical planning to locate pathologies, a feed-forward system. In computer-guided systems this can be problematic since the images which are used for instrument navigation are based on tissue location at the time of imaging. However, instrument deflection caused by instrument-tissue interaction as well as tissue movement can mean that the instrument position is not as precise as is desirable. This is especially problematic when dealing with smaller anatomical targets, such as vascular surgery and in paediatrics. 5 Intraoperative imaging is used to provide close to real-time feedback, thereby closing the feedback loop and allowing for adjustments throughout the procedure. While for surgeon controlled robotics, surgeons have the flexibility of compensating via visual feed-back, for autonomous computer-controlled systems this cannot be as easily implemented due to the need for code to interpret the visual feedback into a control for the robot.
Research into methods of providing a closed-loop feedback system which takes into account instrument deflection and tissue movement has been carried out using various approaches. Methods of measuring instrument position include computer vision techniques, 6 and electromagnetic sensor systems. 7 This information then needs to be integrated into the computer control system to allow for changes in position as the surgery progresses. This has been achieved using Direct Image Guided Intervention (DIGI) robots. These robots use pre-operative images to locate targets and create an initial navigation protocol. They are also connected to an imaging modality which allows for real-time adjustments to this protocol, providing greater accuracy and precision than a feed-forward system. Some challenges to DIGI include compatibility between robot and imaging modality such as MRI which has a dense magnetic field, and most components of the robotic system cannot be safely used in proximity to the magnet. Other problems include spatial resolution, and exposure to radiation if fluoroscopy or CT is used. 8 The Robarts Research Institute at Western University is investigating the use of two-dimensional transrectal ultrasound (TRUS) to create three-dimensional real-time images by sweeping the probe about its axis. This technology has been combined with surgeon operated robotic surgery for urologic procedures such as prostate brachytherapy or biopsy. 9 Another area of research with the potential to improve computer assisted surgery is haptics. Haptics is the general term used for touch feedback. This includes both tactile feedback (i.e. temperature, vibration, texture, etc) and kinaesthetic feedback (i.e. force and position). The majority of the work done regarding haptics in surgical robotics is surrounding kinaesthetic feedback, rather than tactile feedback. 10 A known drawback of robot assisted minimally invasive surgery using such surgical robots is the lack of haptic feedback. [11] [12] [13] This drawback has been found to be most limiting during complex tasks and can lead to difficulty identifying tissue based on consistency (i.e. between normal and tumour tissue) and suture breakage during knot tying. [14] [15] [16] [17] [18] The reason for the lack of haptic feedback in such systems is simple: the technology required is incredibly complex. The problem of providing haptic feedback can be broken down into two distinct tasks: measuring the interaction forces and displaying these forces to the surgeon. Measuring of interaction forces during robotic surgery has been attempted in a few different manners. Retrofitting existing surgical manipulators with commercially available force sensors has been attempted; 19 however, constraints regarding size, geometry, biocompatibility, sterilizability and cost have limited this approach. 10 Another method is to use the distance between desired position and actual position of the manipulator to determine force interactions between the manipulator and the environment. This method has been implemented with some success; however, it is limited by the non-ideal nature of the robots and the environment, meaning that friction and other dynamic forces are difficult to account for and can be large in comparison to the interaction forces between the manipulator and the patient. 10, 20 Methods of providing feedback to the surgeon include direct force feedback where motors in the robot controls are programmed to recreate the forces sensed by the manipulator, and the use of other sensory feedback such as audio or visual feedback to represent the forces experienced by the surgical instrument. The first method is the most commonly implemented method; 10 however, enabling a system to provide force feedback in all directions actuated by the system (i.e. six degrees of freedom plus gripping) is not possible without implementing a second feedback system. 22 Use of motors to provide feedback also introduces the possibility of feedback instability which can lead to uncontrolled oscillations, an obviously undesirable event during surgery. 10 To get around these problems, various groups have attempted to implement feedback systems using visual or audio displays of force.
14,23-25 These systems have experienced some success and have potential for further implementation as long as they do not interfere with the surgeon's view of the tissue through the video display of the endoscopic camera. 10 Robotic surgery allows precise and repeated motions with decreased fatigue, smoother actions and increased accuracy, flexibility, and range of motion, especially in small confined anatomical locations such as the male pelvis during prostate surgery. However, there are still limitations in visual and haptic feedback. These limitations, as well as training of surgeons, have stunted the growth of this field in some ways; however, as described, intensive research is underway. It is clear that in certain situations, it is best to rely on image guidance, allowing the surgeon to be guided by more than what is visible through the visual field. For this to happen, imaging modalities which allow for greater compatibility with the surgical robot while maintaining as low radiation dose to the patient and surgeon as possible will need to be developed beyond the current technology. Similarly, to better enable this physician to identify specific tissues, haptic technology and its implementation into surgery will also need to be furthered. As these technologies become increasingly incorporated in the field of surgical robotics, we can expect rapid growth in the number of surgeries to make the transition from traditional to robotically-assisted or even fully automated.
